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Resardless of how a mineral deposit is first discovered or by whon, 
any mining enterprise based unon it must pass through a preliminary stuae 
cc exploration, The common understanding of “exploration” among mining 
ergineerg is well-expressed by Jackson and Knaebel:3 


Exploration work ranges from that performed by the individual 
prespector employing only the simplest tools and equipment to 
eleocrate campaigns involving the expenditure of large sums of 
meney end the use of churn- or diamond-drilling equipment, large 
vest-pitting crews, or sometimes a regular mining organization. 
In any event, the object is to determine as accurately as pos- 
sible, with the funds available, the size, shape, and other 
peysical characteristics of the ore bodies and their average 
Value or grade. 


the mining engineer, in his exploraticn of a deposit, is primarily 
concerned with "putting a pick in the ground" to determine the economic 
Fessibilities of the deposit. He is concerned with actually seeing and 
testing representative parts of the deposit, with determining the grade 
of the ore and how it can be treated, with delimiting the minable part 
c the deposit and calculating its tonnage, with finding how well the 
walls of the deposit will stand and how mich water will have to be handled 
wring the mining, and with interpreting what he sees and finds from his 
tests, In his interpretation he is’ concerned with answering the questions: 
"Sow much of the deposit can be mined?" "By what method can it best be 
tined?" "How can the ore be treated?" "Where can the product be marketed?" 
All these Questions, of course, actually resolve into one: “Can a mining 
caterprise be based on the deposit?" 

® 


Y The Bureau of Mines will welcome reprinting of this paper provided the 


following footnote acknowledgmcnt is used: “Reprinted from Bureau of 
_, ‘nes Information Circular 7312." 
| Chief, Mining Branch, Bureau of Mines. 
3 Jackson, C. F., and Knaebel, J. B., Sampling and Estimation of Ore De- 
posits: Bureau of Mines Bull. 356, 1934, p. 3 
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Many methods have been devised fer "puttirg a pick in the grcunt’ 
explove mineral deposits. During the last 5 years the Bureau oF tines cx: 
utilized Lost of the available tools. 


The development of dirt-moving equinmant has made it possible to re- 
meve overbucden et low cost. It has become axiom.tic in the Bureau tha: 
moat cases it is wise to exnicre first the “zero Level" of deposits ths 
coms to the curface. The bulldozer has proved to be cne of the mest use 
tools in surface work, although dragline scrapers, stump pullers, and se 
tyres of power shovels have their places. The particular advantage cr *: 
bulldczer is its versatility. It ts useful not cnly in exposing the “te 
level" cf the deposit tut also in the auxiliary heavy work that accorrs- 
most explovation. At one Bureau cf Mines preject it was used to trench 
through clayey cverburden as much as 20 feet thick, to clear brusn, % 
upreet end remove treea, to build roads, to transport large samples, << 
clear ont en old open pit proparatery to sampling, to move a truck-nceur 

churn drill when mud or snow prevented self-propulsion, ‘tc prepere drill 
sites, and to clear snow from roads. 


eason for developmert of the “zero level" is to establish tre 
and extent of the depecit in two dimensions and to expose the tcp of 12: 
peay so that it can be sampled. Once the trend of a deposit has been <5 
lished, trenching can ve done syetcmatically to permit representative & 
pling. A wide deposit is mest cffectively exposed for sampling by resi 
spaced, pavallel, crosscut trenches. A long, narrow deposit can often ° 
exposed along its entire strike length. 


If results of sampling the "zero level" warrant exploraticn in th: 
Gimcneion, “eri. “the dcposi.t- esos nev. occur closé-to The Suri ace, sch 
of lecper probing is necessary. Where surface indications are cc gocc’ 
there is no deuot the deposit wl be mincd, cr where the values are & 
ivvrevularly; distributed that enly tonnage spam ee ill be representa’-* 
"nen-size" opcnings such as test pits, shafts, adits, drifts and cre 
usually follow surface exploretion. If quick, comparatively cheap ints 
mation in the third dimcnsicn is necdcd, some sort of drilling uvsuall; 
cedes exploration by “man-size" openings. <A deposit in which the ve-u 
are regulavly dictributcd so that representative samples can be obtains 
smell openings muy be explored cntirely by drilling. A large ae 
er.cugh to the surface to be mincd by open pit usually is explored ? 
because larger, more costly openings yould be of no valuc later aie 
mining opcration. If the deposit occurs at great depth, the quickest : 
cheapest mcthod of exploraticn is by drilling. 


: 


The advantages end disadvantages of the several usual types cr & 
are commonly known. The churn drill is widely used in many types oF &: 
The diamond core drill is probabiy the most generally uscful in "“herd-: 
deposits and is, of course, particularly valuable where angle heles a*: 
nueedcd, 
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The bucket ‘drill or "California cesspool digger" was first used to 
explore a Mineral deposit in the dry placers at Atolia, Calif.*/ It makes 
2 bere 12 to 40 inches in diameter. The Bureau of Mines has found it of 
sveat value in cbtaining large samples of shallow deposits of waterial 
stat is comparatively soft but that stands well. It was very effective 
‘co a denth cf 120 feet in the Batesville (Arx.)} monganese Ceposits, even 
though ceccasional boulders had to te blasted, and in the Coso (Calif) 
tercury deposits, even though hard layers of opalite were encountered. 


The truck-mounted “seismograph" drill has proved to give excellent 
"naisturted" samples of bauxite and clay. It is especially well adapted 
to penetrating thick, bouldery overburden. <A power auger mounted on a 
traiter hes been used effectively in drilling through boulder-free over- 
turden and sammling underlying teuxite in Alabama.5/ The semples are some- 
woe contaminated by being lifted through the cverburden, but the cheapness 
ard speed in shallow deposits are remarxeble. 


silling and sampling a deposit of scluble salts in Utah, tne Bureau 
of used a standard oil-well rotary rig. To minimize solution of 
tnat were cored, a drilling mid containing the same saats in so- 

s used, A wWire-line core barrel was used in coring the salts. 

witn this epnaratus a core could be taken from a depth of 3,000 feet in 15 
rinutes instead of the 3 or 4 hours that would have been consumed with the 
mere common core barrel requiring removal of ell the drill pipe each time 

core is pylled. From the point of view of securing a good sample, the 
wire-line core barrel had the further advantage of keeping the highly solu- 
ble salts in contact with the md soluticn in the hole for only a brief time, 
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Dupuy has described a novel method of sampling a gold deposit in dry 
ereands AG, without the usual "slugzing of values" caused by concentration 
oo the gold at the bottom of the hole when.wet churn or diamond drills are 
used. A pneumatic wagon drill was used dry in conjunction with a vacuum 
sitple collector. Vertical holes as decp as 150 feet were drilled and 
successrully sampled by this method. 


Exrloration of a deposit by drilling is primarily to detcrmine whether 
2 mining onterprise can be based on it. The samples cxtracted and the 
wlortation obtained from them are the objective, not the holes. Drill 

should be placed on a regular pattern in order that the samples 

1cd will be representative of the deposit. They should crosscut 
posit as nearly as possible at right angles. The objective of 
cctaining ell possible information should be kept in mind at all times, 


-/ frommel, H, W. C., Sampling and Testing of a Gold-Scheelite Placer De- 
posit in the Mojave Desert, Kern and San Bernardino Counties, Calif.: 

_, Burcau of Mines Inf. Circ. €960, 1937, 18 pp. 

5/ Dupuy,:-Leon W., Power-Driven Auger Drill Cuts Exploration Costs: Eng. 

_, end Min, Jour., vol, 145, December, 1944, pp. 98 and 99. 

2} Burcan cf Mines, "Thompson Magnesium Well, Grand County, Utah: War 
Minerals Rep. 12, 1942, 39 pp. 
Dupuy, Leon W., Sampling the. Picacho with Drill and Vacuum Collector: 
Eng. and Min. Jour, vol. 141, 1940, pp. 29-31. 
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even thovgh the holes consequently pregress more slowly. Most cf whcse 
precariticns are axiometic, but cperatcrs tend to mako a recore ic 


et the expense of the accuracy of the information obtained. 


Time and money mey sometimes be saved by a ccmbination oF "men-stre 


unéder:vround ovenings and diamond drilling. A sh-lt or e crosscut wilt 
often provide a new bese of onverations from which holes may be fenned %: 
penevvate parts cr a deposit trat would ctherwise be accessinle only ty 


long hcles that wovld intersect the deposit at chlique angles, 


In somo cases enouzth information will be derived from driliins to 
permit dovelcpment and mining to proceed without further exploration c 
the denosit. This aprlies perticularly where the treatment methed is 

stapliched end where minin: is to be by onen pit. If the treatment 

method is not establiche2, a necessary part of the exploration or the 
denceit is to teke bulk camples renresentative oi the ore and to Cceter= 
in the lebcretory or pilct plant hew the ore can be beneficiated. if %: 
deposit, is to be mined by underground methods and there is any dcubt e: 
the stren:tn of tne wells or the vclvme of water that must be handled, | 
if the ee Of (Ore Is noe sufriciently well established, criiling srcv. 
be followed by "“man-size"” underground exploration that will prcvice tr¢ 
lacking (oem. It may be desirable to mine some of the cre exper 
mentelily to see how the walls stance, 


There is nc best method of exploring all mineral deposits, but tr 
is usually a best method or ccmbination of methcds to explore any given 
deposit, Althovg 22 it may socom paredoxical, the same factors or size, 
shane, attitude, hardness, watex ccntent, charactcr of wall rock, and 
distriouticn of valucs that erc to be jocevininee oy exploration are Tt. 
that guide the eclection of mcthed. A therough preliminary exeminaticr 
by an onzinecr cognizant of the problems to be solvcd and familiar with 
the metvhocs and equipment available will point the way to the most exré 
procedure, 


As the higher-grace and more easily accessible deposits are depl>. 
two trends in mining, end consequently in exploration, are developing. 
first is the recult of the necessity to gather up the comparatively ht: 
erace "crumbs" of ore left in small and cut-of-the-way deposits. The s 
ond is toward exploration anc. utilization of large but lower-grade cr 
deeply situated denosits. 

Because the stakes sre small, few deposits in the first category * 
be able to stand the expense of elaborate explcration campaigns. The 
decision of whether they are worth exploiting will be made on the aan 
survace exploration, with a minimum of preliminary third dimensicnal : 
Mation. If conriderable exnloration of this type is undertaken, men; } 

genious combinations of portable equipment may be developed. A four-' 
duive truck similar to some of the present army equipment could have = 
cn it a small compressor and a winch that could be used for hoisting = 
run a dras-line secreper for trenching. The scraper could also be usei 
mucicing exploratory adits or inclines. In country requiring mich trai: 
building, anothcr type of outrit could be built around a tractor as t> 
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rrime mover, The tractor would, of course, be equipped with a bulldozer 
blade. A compressor winch, even a small diamond drill for obtaining third 
dimensional information, covld be mounted on a trailer that would be pulled 
by the tractor. A power tale-off would permit running a small crusher, 
perhaps some simple washing equipment. It seems unlikely that exploration 
c? the small, inaccessible deposits will become un.ch more refined than at 
cresent. More portable equipment will be availanie, however, and may ‘be 
combined ‘into compact, general-purpose outfits that would be useful for 


whatever type of exploration might be required. Such outfits could perhaps 
te pressed into service to mine out small deposits. If attended by an 


As lcwer-grade or deeper deposits are considered for exploitation, 
mining costs per unit of valuatle mineral will rise, and the margin of 
vrorit will become slimmer, assuming constant prices... In dealing with 
ceposits whese thance for exploitation depends upon a large capital outlay, 
skillful management, and recovery of low values, where the possible margin 
cf prorit is very small, the maximum amount of preliminary information will 
cs required. Not only will the amount of exploration be increased, but the 
ultimate in information will be obtained from the openings made and from the 
samples taxon. Particulerly for deep underground mines, faults and fissures 
in tne wall rock near the deposit will assume added importance in determining 
tne Feasibility of mining. In deeper mines the strength and clasticity of 
the wall rock may control its supportability to some extent, These and 
cther measurable physical proverties may influence the drillability and 
-caking qualities of the rock and of the ore. The Bureau of Mines has 
bezun a series of tests on drill cores from operating mines to determine 
strength, elasticity, abrasivcencss, and other physical properties and to 
correlate them if possible with mining methods ‘that arc in use or could 
possicly be used. If such correlations could be establishec, the information 
eainadle from drill cores would be increased considerably. 


Altnough there will undoubtedly be many refinements in equipment for 
rakins “man-size" and drill-hole openings for the exploration of mineral 
acposits, the fundamcntal types of equipment now in use probably will con- 
tinuc to be emplcyed for a long time. A greater advance may be made in the 
exount of information gleaned from the openings. 


This is not the place to.discuss geophysical methods, but as more 
scnsitive, accurate methods are developed, drilling holes to determine 
the size, shape and exact location of mineral deposits may be minimized. 
s60pnysics probably will be used as another tool in the exploration of 
deposits in addition to its present role in the exploration for deposits. 
Drili holes and other openings for extracting samples will continue to be 
Icedecd, but the targets may be more preciscly determined in advance, 


As the geophysicists acquire added skills in dctecting "blind" deposits, 
it will be neccessary to hit comparatively small targets at greater depth 
with drills. Much is known about anticipating and controlling the direction 
mda inclination of drill holes, but more will be learned. Further advances 
q:11 be made in the surveying of drill holes. 
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To matte possible the exploitation of the "crumbs" of .higher-s~i. ; 
and large but Jower-grade or deeper ceposits, it will be necessary ter” 
engineer in charge of exploration to consider ctner things besides ti: 
tecnniques oF Meking openings and of obtaining iiormation from the sx 
Ples. All vessible advantages in local markets will have to de invez:: 
getes. It cennot be considered as necessarily rixed that the ccncentr: 

specitications of a distant, existing reduction plant must be met, fT: 
existing industries besed on domestic raw materials did not develcp as. 
result of trying to supply a foreign market. The copper industry ir t: 
United States would not have developed if we had continued to ship wes: 
ore to Swansea, Wales, as was done in the early days. Because of ts 
present size and solidarity of certain parts of the mineral industr;, ¥ 
are prone to consider that the only chance of successful exploitaticn ¢ 
a Mineral deposit is to supply a product that meets fixed specificat-cr 
We forget that ‘those specifications were originally fixed to meet the 

characteristics cr aveileblie raw materials. Because the product of a: 
posit cannot meet the fixed specifications is not sufficient reason tc 
up. Combining a mineral with complementary industrial rew materials & 
close as pvssible to its source should be considered. If a market for 
the product that would result dces not exist, perhaps ome can be crea. 


The stone age man who first smelted iron ore probably did net ¢o 
to satisfy an existing need, It is likely that aftcr ne had accidents 
obtained the iron he thouzht of a way to use it. 


Mining is, of course, only one part of the mineral industry pact: 
but it dcals with the only part of the pattern that is ese 
the mineral raw materiels. Fixed, not in the sense that we must cor: 
to usc the same raw materials, but fixed in the sense that we eanist ¢ 
the manner in wiuich they ecccur in nature, All the techniques cf mm 
ore dvessing, metallurgy, and fabrication, as well as the uses for %: 
final products, are man-made and can be changed and improved. er 
the minerals mined will continue to be used in the established patter 
but the possibility of locally altering the pattern to fit availeble 
matorials shculd not be overlccked,. 


When e deposit has been explored, when the engineer has found cv 
he can about it ee a reasonable expenditure, he is in the same sivu 
as the stcne age man with the piece of iron. His job is to find a us: 
it. 


As ctatcd in the beginning, the purpose of é¢xploration of a mine 
deposit is to answer the question: "Can a mining enterprise be bec: 
the deposit?" If the answer is to be "Yes" in the future, the techn’ 
of maxing cpcnings and particularly of gleaning information from sey 
taken must be improved. In addition, every pessible technclogic and 
mariccting edvantage mist be sought, and secking for it must be cons: 
an csscntial part of the exploration, 
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